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(57) ABSTRACT 
A metal sheet which is intended to be subjected to a 
drawing operation for the fabrication of a shaped metal 
part has on its surface a roughness in the form of plateau 
portions in relief defining between them recessed valley 
portions, the average ratio of the dimension of the val 
ley portions to the dimension of the plateau portions in 
any direction on the surface of the sheet being from 1:1 
to 3:1, preferably 3:2 to 5:2, the average dimension of 
the plateau portions being from 40 to 200 micrometers, 
preferably 60 to 120 micrometers and the height of the 
plateau portions being more than 6 micrometers, prefer 
ably 10 to 25 micrometers. This surface roughness re 
duces the risk of seizing during drawing even if the 
sheet is coated with a soft metal such as tin. The sheet 
may be prepared by subjecting a metal sheet to pressure 
from at least one cold roller the surface of which has 
been treated, as by shot blasting, to provide the surface 
of the roller with similar roughness characteristics to 
those just defined but of which the height of the plateau 
portions is more than 7 micrometers, preferably 11 to 50 
micrometers. 

7 Claims, 1 Drawing Figure 
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METAL SHEET FOR DRAWING 

FIELD OF THE INVENTION 
This invention relates to a metal sheet which is in 

tended to be deep drawn or extra-deep drawn for the 
fabrication of shaped metal parts, and to a process for 
producing such a sheet. 

PRIOR ART 
When the forming of a metal sheet requires consider 

able sliding of the metal on forming tools, particularly 
in the case where the forming is effected by drawing, it 
is customary to use a sheet the surface of which has 
been made rough by passing the sheet between the 
rollers of a cold-rolling mill. The roughness of the sheet 
results from the formation on its surface of a succession 
of portions in relief, hereinafter referred to as peaks or 
plateaux, which define between them hollow portions 
hereinafter referred to as valleys. In order to obtain 
roughness of this kind, the surface of the cold rollers is 
treated by physical processes, such as shot-blasting, 
spark erosion, or electro-chemical processes. For exam 
ple, it has been proposed to roughen the surface of a 
cold roller by blasting from 100 to 200 grains of shot of 
a diameter of from 500 to 700 microns per square milli 
meter of roller surface onto the surface of the roller in 
two or three passes. 

It is current practice to consider that a surface having 
the highest number of plateaux as close as possible to 
one another possesses the best drawing properties (see 
text by John A. Newham in "Metal Deformation Pro 
cesses, Friction and Lubrication,' page 716, a book 
published by John A. Shey, 1970 -Marcel Dekker 
INC. - New York). - 

In the forming of sheet metal parts by drawing using 
a lubricant, the valleys present on the surface of the 
sheet constitute micro-reserves for the lubricant which 
results in the pinpoint reduction of adhesion between 
the micro-junctions formed between the surfaces of the 
sheet and of the forming tool with which they are in 
COntact. 

Despite the utilization of a lubricant of good quality 
and the existence of these micro-reserves, the phenome 
non known as seizing occurs. Seizing occurs when a 
metallic deposit formed from debris torn from the sur 
face of the sheet during the drawing is formed on the 
surface of the forming tool. The volume of this debris 
increases with the number of sheet parts drawn, thus 
increasing the seriousness of the damage caused by this 
debris on the surface of the drawn sheet. This damage 
ranges from simple fine scoring to a deep, wide furrow, 
with the formation of fragmented chips. The stresssing 
due to the increasing frictional force between the sheet 
part and the forming tool becomes such that the part 
breaks. - - - 

Losses of scratched or broken parts, wear on the 
forming tools, the frequency of stoppages of the presses 
or lines of presses, and the cost of reconditioning tools 
can be extremely high. In addition to the use of an anti 
corrosion protective oil, it is necessary to apply local 
ised lubrication to the surface of the sheet before draw 
ing, using a mineral, vegetable, or animal oil, optionally 
containing conventional additives. This is the source of 
further disadvantages in various stages of production. 

In particular, the parts then stick to the forming tools, 
making their automatic transfer difficult, while the 
tools, transfer devices, and equipment for handling the 
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2 
sheet parts are soiled with oil, which is harmful to the 
Safety of personnel and equipment. Furthermore, the 
formed parts are difficult to degrease, which poses 
problems during their subsequent use, particularly 
when they have to be welded or surface coated. 

Seizing also occurs when the sheet is covered on at 
least one of its faces with a metallic film, particularly a 
film of soft metal. The term “Soft metal' is here under 
stood a metal such as lead, tin, copper, zinc, and, de 
pending upon the metal of which the sheet to be drawn 
is made, aluminium. 

In this case a sludge is formed, which is composed of 
the metal debris coming from the coating of soft metal 
on the sheet and the greasy lubrication residues, and 
which fouls and erodes the forming dies. Furthermore, 
when a long series of successive drawing operations is 
effected, there is a progressive deterioration of the sur 
face state of the formed parts, particularly in the quality 
of brightness. This makes frequent stops necessary for 
the purpose of cleaning the forming dies or even for 
dismantling them for polishing purposes. 

THE INVENTION 

The invention seeks to obviate or minimise the above 
mentioned shortcomings and to provide a metal sheet 
for deep or extra-deep drawing which, when simply 
coated with anti-corrosion oil or water-soluble oil in 
accordance with current standards and practice, avoids 
the occurrence of the phenomenon of seizing. 
According to one aspect of the present invention as 

shown in the single drawing FIGURE there is provided 
a metal sheet 1 which is intended to be subjected to a 
drawing operation for the fabrication of a shaped metal 
part, said sheet comprising on its surface a roughness in 
the form of plateau portions 2 in relief defining between 
them recessed valley portions 3, the average ratio of the 
dimension of the valley portions 3 to the dimension a of 
the plateau portions 2 in any direction on the surface of 
the sheet being from 1:1 to 3:1, the average dimension of 
the plateau portions being from 40 to 200 micrometers 
and the heighth of the plateau portions being more than 
6 micrometers. Preferably, the average ratio, in any 
direction of the surface of the sheet, of the dimension of 
the valley portions or valley to the dimension of the 
plateau portions or plateaux is from 3:2 to 5:2, the aver 
age dimension of the plateaux is from 60 to 120 microm 
eters, and the average height of the plateaux is from 10 
to 25 micrometers, these providing optimum character 
istics for the surface roughness of the sheet. 
The sheet possessing these surface, characteristics 

may be coated on at least one of its faces with a metallic 
film, particularly a film of soft metal, such as tin. 
According to another aspect of the present invention 

there is provided a process for production of the sheet 
just indicated, wherein a metal sheet is subjected to 
pressure from at least one cold roller, the surface of 
which has been treated to provide the surface of the 
roller with a roughness in the form of plateau portions 
in relief defining between them recessed valley por 
tions, the average ratio of the dimension of the valley 
portions to the dimension of the plateau portions in any 
direction being from 1:1 to 3:1, the average dimension 
of the valley portions being from 40 to 200 micrometers 
and the height of the plateau portions being greater than 
7 micrometers. For example, the surface of the roller 
may have been treated by shot-blasting onto the surface 
of the roller from 20 to 40 grains of shot of a mean 
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diameter of 500 and 700 micrometers per square milli 
meter of roller surface. 
The origin of the debris, which constitutes the metal 

lic deposit characteristic of seizing, on the forming tools 
during the drawing of sheet metal workpieces cannot be 
simply explained from existing theoretical knowledge 
of the phenomena of friction and of wear of metal parts. 
Taking as a basis the fact that micro-welds or micro 
adhesion occur at the contact interfaces between the 
peaks or plateaux of the opposing surfaces of the sheet 
and tool, this debris would in fact have to be micro 
scopic and of a volume far smaller than the volume of 
the debris actually present on the seized surfaces or than 
the volume of metal actually shaved off from the sur 
face of the sheet. 

In order to avoid the phenomenon of seizing, the 
number and size of the pieces of debris must be as small 
as possible, and it must not be possible for this debris to 
become anchored to the surface of the drawing tool, 
this can be achieved with a sheet according to the in 
vention. 

In cases where the sheets are rolled in a cold-rolling 
mill before being supplied to the user, the spatial distri 
bution and the dimensions defined above necessitate a 
considerable modification of the conditions of treatment 
of the surface of the cold-working rolling mill rollers. 
The surface of these rollers must in fact then have a 

roughness characterized by an average ratio between 
the dimension of the plateau portions or plateaux and 
the dimension of the valley portions or valleys which is 
from 1:1 to 3:1, preferably from 3:2 to 5:2, an average 
valley dimension of 40 to 200 micrometers and prefera 
bly 60 to 120 micrometers, and a plateau height greater 
than 7 micrometers and preferably from 11 to 50 mi 
crometers. The height of the plateaux on the surface of 
the rollers is selected to be greater than that which it is 
desired to obtain on the surface of the sheet, since the 
latter cannot exactly match in respect of depth the sur 
face configuration of the rollers. 
Thus, for example, for treatment by shot-blasting 

using a shot-blasting machine comprising a bladed tur 
bine and shot of diameters from 500 to 700 microns, it is 
sufficient to blast onto the surface of the cold-working 
rolling mill rollers from 20 to 40 grains of shot per 
square millimeter of roller, preferably in only two 
passes. The amount of shot used is thus from 3 to 8 times 
less than that used in known processes. 

PARTICULAR DESCRIPTION OF THE 
INVENTION AND EMBODIMENTS 

The metal sheet according to the invention is found 
particularly advantageous for the large series produc 
tion of drawn parts, particularly in the automobile in 
dustry, as will be seen from the Examples given below 
by way of indication. 

In these Examples the results obtained with a sheet 
according to the present invention are compared with 
those obtained with a known sheet of the same thickness 
and same quality of metal, as used normally up to the 
present time for the production of the same parts with 
the aid of the same presses. 

In Examples 1 and 3 the same lubricant was used for 
the sheet according to the invention and the known 
sheet. In Example 2 the use of a sheet according to the 
invention made it possible to dispense with the use of an 
extreme pressure oil as used for the drawing of known 
sheets. 
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4. 

EXAMPLE 1. 

AUTOMOBILE SUSPENSION CUP 
Thickness of sheet 3 mm. 
Quality of metal aluminum-killed extra-mild steel . . . . . 

having mechanical characteristics 
according to French standard 
NFA 3640. 
12-station transfer press 
Soluble oil (unchanged) 
500,000 parts drawn without 
seizing instead of 2,000. 

Press 
Lubricant 
Results 

In this Example which is summarized above, a sheet 
of aluminium-killed extra-mild steel 3 mm. thick, and 
having on the surface a roughness characterized by a 
ratio of the valley dimension to the plateau dimension of 
an average of 2:1, an average plateau dimension of 120 
micrometers and an average plateau height of 20 mi 
crometers, permitted the uninterrupted drawing of 
50,000 automobile suspension cups on a 12-station trans 
fer press. 
By way of comparison, in the drawing of identical 

parts with the same sheet which had not been treated by 
the process of the invention and thus did not have the 
aforesaid roughness characteristics, the need to de-seize 
the drawing tools permitted continuous drawing of only 
about 2,000 parts. The sheet according to the invention 
mentioned in this Example had been prepared by pass 
ing the sheet through a rolling mill provided with cold 
rollers the surfaces of which had been treated by blast 
ing on to the surfaces of the rollers about 25 to 30 grains 
of martensitic structure and of a diameter equal to about 
700 micrometers per square millimeter of roller surface 
using a shot-blasting machine comprising a bladed tur 
bine. 

EXAMPLE 2 

DOOR BOTTOM CONNECTION SHEET FOR A 
VEHICLE BODY 

0.80 mm. 
aluminum-killed extra-mild 
steel having mechanical char 
acteristics according to French 
standard NFA 3640 

Thickness of sheet 
Quality of metal 

Press Double-acting mechanical 
Lubricant Elimination of extreme pressure 

oil 
Results Complete elimination of inter 

vention in respect of the tools 
during a drawing period of 3 days, 
instead of a complete stoppage of 
the line of presses for two hours 
every 24 hours for attention to 
the tools. 

EXAMPLE 3 
AIR CYLINDER 

2 mm. 
aluminum-killed extra-mild 
steel having the mechanical 
characteristics according to 
French standard NFA 36'40. 

Thickness of sheet 
Quality of metal 

Press Hydraulic 
Lubricant HOUGHTON 35 grease diluted with 

50% water (unchanged) 
Results Complete elimination of inter 

vention in respect of the tools 
instead of a complete stoppage 
of the press for 2 hours every . 
8 hours for attention to the tools. 
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As already mentioned, the surface characteristics of 
the present metal sheet make it possible to avoid the 
occurrence of the phenomenon of seizing when this 
sheet is coated on at least one face with a metallic film, 
particularly a film of soft metal. It has in fact been found 
that the quantity of abrasive sludge is considerably re 
duced and that the surface state of the formed parts is 
definitely improved. 
By way of indication it has been found that these 

advantages are particularly outstanding with a sheet 
coated on at least one of its faces with a coating of 
optionally recast tin. Where the sheet is coated on both 
faces, the thickness of the layers of tin deposited on each 
face may be the same or different. The thickness of the 
layer of tin should preferably not exceed for each face 
the equivalent of 15 grams per square metre. 
By way of example a known tinned sheet, having on 

each face a coating of non-recast tin equivalent to about 
5-6 grams per square meter, was compared with a sheet 
according to the present invention, which was tinned 
under the same conditions, was of the same thickness, 
but had on its surface a roughness characterized by a 
ratio of the dimension of the valleys to that of the pla 
teaux of an average of 1:1, an average plateau dimension 
of 120 micrometers, and an average plateau height of 12 
micrometers. 

In the laboratory it was found that the sheet accord 
ing to the invention had a coefficient of friction 15% 
lower than that of the known sheet. 
These two sheets were used to produce, by drawing, 

tubes of a diameter of 16 mm., a length of 50 mm., and 
a thickness of 0.25 mm. The sheet according to the 
present invention permitted the production of 20,000 
tubes, that is to say one day's work, without interven 
tion in respect of the tools, while the amount of sludge 
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6 
produced was practically nil. By way of comparison, 
the use of the known sheet necessitated frequent stop 
pages to clean the forming dies, and above all made it 
necessary to dismantle these dies twice a day for polish 
1ng purposes. 

I claim: 
1. A metal sheet which is intended to be subjected to 

a drawing operation for the fabrication of a shaped 
metal part, the entire surface of said sheet comprising: 

a plurality of substantially similar plateau portions of 
predetermined dimension and height spaced from 
one another in both the transverse and longitudinal 
directions to define valley portions therebetween; 

the average ratio of the dimension of said valley por 
tions to the dimension of said plateau portions 
being from 1:1 to 3:1; 

the average dimension of the plateau portions being 
from 40 to 200 micrometers; 

the height of said plateau portions being greater than 
6 micrometers. 

2. The sheet of claim 1, wherein the average ratio of 
the dimension of the valley portions to the dimension of 
the plateau portions is from 3:2 to 5:2. 

3. The sheet of claim 1, wherein the average dimen 
sion of the plateau portions is from 60 to 120 microme 
ters. 

4. The sheet of claim 1, wherein the height of the 
plateau portions is from 10 to 25 micrometers. 

5. The sheet of claim 1, and further comprising a coat 
of soft metal on at least one of its faces. 

6. The sheet of claim 5, wherein the soft metal is tin. 
7. The sheet of claim 5, wherein the thickness of the 

coat is such that the coat does not exceed 15 grams per 
square meter. 

sk k is ak it 
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